The aim of the study was to investigate the influence of therapeutic modalities and sexual hormone levels on changes in bone mineral density (BMD) in testicular cancer (TC) survivors. In a cross-sectional descriptive, long-term followup study, a total of 1,249 long-term TC survivors were evaluated according to treatment modality: orchiectomy (OE) only, OE + chemotherapy (CT), or OE + radiotherapy (RT). Luteinizing hormone (LH), total testosterone (TST), marker of bone resorption (β-carboxyl-terminal cross-linking telopeptide of type I collagen-CTx), and BMD were evaluated. Standard statistical techniques were used to test the differences between groups of patients. TST decrease was observed in 46/313 TC survivors after OE alone, in 103/665 after OE + CT, and in 66/271 after OE + RT. LH increase was observed in 23/313 TC survivors after OE alone, in 154/665 after OE + CT, and in 43/271 after OE + RT. CTx increase was observed in 116/313 TC survivors after OE alone, in 324/665 after OE + CT, and in 82/271 after OE + RT. Osteopenia/osteoporosis occurred in 136/313 TC survivors after OE alone, in 298/665 after OE + CT, and in 139/271 after OE + RT. TC survivors after RT have statistically significant decreased TST levels, increased LH and nonsignificant worse BMD (osteopenia/osteoporosis) in comparison with TC survivors after OE alone or CT. TST decrease and LH increase were statistically significant, more frequently observed in patients with osteopenia/ osteoporosis. Examination of TST is an important part of follow-up in TC survivors with bilateral as well as unilateral disease. The important part of standard examination algorithm should be also the osteological examination of TC survivors mainly in patients with androgen deficiency.
Introduction
Testicular cancer (TC) is quite a rare malignancy, but its medical and social importance have come out from a rapid growth of the incidence in the past decades. This malignancy represents one of the most curable solid tumors, with a 5-year survival rate of more than 95% in Europe (Trama et al., 2015) . Given the young average age at diagnosis, it is estimated that effective treatment approaches have resulted in an average gain of several decades of life. This success, however, is offset by the emergence of considerable long-term morbidity, including hypogonadism and its resulting complications (Dohle et al., 2015; Nieschlag & Behre, 2012; Travis et al., 2010) . Patients who were treated for TC have a higher risk of hypogonadism development than their healthy counterparts (Huddart et al., 2005) . Hypogonadism and the resulting decreased testosterone level may be associated with symptoms of androgen deficiency and subsequent negative impact on a patient's quality of life (QoL). One of the symptoms that may be associated with poor QoL in TC survivors is bone pain resulting from suspected higher prevalence of osteopenia and/or osteoporosis (Dohle et al., 2015; Finkelstein, 1998; Nord et al., 2003) .
Concerning these facts, the authors designed a crosssectional descriptive, long-term follow-up study from a single center for diagnostics and treatment of TC in the Slovak Republic, which follows up to 1,249 TC patients across the Slovak Republic. All TC patients are followed 661986J MHXXX10.1177/1557988316661986American Journal of Men's HealthOndrusova et al. up by the only onco-urologist in the center, where they underwent osteological and other laboratory examinations in the same center. The objective of the study was to evaluate the effects of different therapeutic approaches for TC and changes in sexual hormone levels and their impact on bone mineral density (BMD). Hypogonadal patients should be considered not only for appropriate testosterone replacement therapy but osteological examination as well to prevent long-term morbidity.
Materials and Method
A total of 1,249 unilaterally orchidectomized long-term TC survivors followed up from 1970s were examined. In November 2005 and January 2015, all patients underwent hormonal status and osteological examinations according to the anticancer therapeutic modalities. Patients were categorized into three groups based on the therapeutic approach used: (a) orchiectomy (OE) alone (n = 313 patients), (b) OE + chemotherapy (CT; n = 665 patients), and (c) OE + radiotherapy (RT; n = 271 patients). Of all CT patients, 18% of them received two cycles of adjuvant Bleomycin/Etoposide/Cisplatin (BEP) CT and 82% received three or four cycles of curative CT (BEP). Measurement of hormonal status according to the type of CT (curative or adjuvant) was not evaluated in this study. During the entire follow-up period, all events in the management of diagnosis and treatment together with the dates of their implementation were recorded. Since 2005, gonadal status was evaluated by measuring serum levels of luteinizing hormone (LH; normal <8.2 mU/mL), total testosterone (TST; normal >12.0 nmol/L), and free TST (normal >72 pg/mL) (Nieschlag et al., 2005; World Health Organization, 2000) . Serum was also measured for the marker of bone resorption β-carboxyl-terminal cross-linking telopeptide of type I collagen (CTx; normal range, 0.16-0.48 ng/ml or 1030-3750 pM). BMD was measured at the lumbar spine (L1-L4) and total hip using dual energy X-ray absorptiometry. World Health Organization (1994) criteria were used in the analysis to define osteopenia (T/Z-score between −1 and −2.5) and osteoporosis (T/Z-score < −2.5) (van Londen, Taxel, & Van Poznak, 2008) . Bilateral germ cell TC and nongerm cell TC were excluded from this study. Data analysis was carried out in an R project setting. Normality of the distribution of the data on age at the time of diagnosis and time of the BMD parameters examination were tested. Statistical significance of differences was tested according to the used variables of KruskalWallis test and Pearson chi-square test of independence. Analysis of the effects of therapeutic approaches on decreased values of TST, increased values of LH, increased values of CTx, and the result of BMD were assessed by multiple logistic regression, which was adjusted to the age of patients (to eliminate the effects of age structure of patients on monitored parameters in particular parts of treatment). The relationship between types of treatment and monitored parameters were interpreted on the basis of the values of odds ratios (ORs) and 95% of confidence intervals. Analysis of the influence of decreased values of TST and increased values of LH on BMD were also performed using Pearson chi-square test.
Results
There were 313 TC survivors (25%) after OE alone with the mean age of 38 years at the time of examinations (Table 1 ). The mean age at the time of TC diagnosis was 31 years (Table 2 ). The mean interval between the time of TC diagnosis and the time of examinations was 6 years (Table 3) . TST decrease was observed in 46 TC survivors, LH increase was observed in 23 TC survivors, CTx increase was observed in 116 TC survivors, osteopenia/ osteoporosis were observed in 136 TC survivors (Table 4) .
There were 665 TC survivors (53%) after OE + CT with the mean age of 38 years. There were 271 (22%) TC survivors after OE + RT with the mean age of 41 years at the time of examination. (Table 1 ). The mean age at the time of TC diagnosis was 36 years ( Table 2 ). The mean interval between the time of TC diagnosis and the time of examinations was 5 years (Table 3) . TST decrease was observed in 66 TC survivors, LH increase was observed in 43 TC survivors, CTx increase was observed in 82 TC survivors, and osteopenia/osteoporosis were observed in 139 TC survivors (Table 4) .
TC survivors after OE + RT were significantly older at the time of diagnosis when compared with OE alone (p < .001). TC survivors after OE + RT were also significantly older at the time of the BMD examination, when compared with OE + CT (p < .001). TC survivors after OE alone have significantly reduced OR of the occurrence of increased values of CTx and LH in comparison with the other two groups of patients (CT and RT together), however, it does not significantly affect the decrease of the TST levels in TC survivors after OE only. There was no evidence of increased OR of developing of osteopenia/osteoporosis in TC survivors after OE alone in comparison with the two other groups of patients (Table 5) .
Administration of RT does not affect the OR of the LH level changes in comparison with groups of patients who did not receive RT, but it significantly increases the OR of TST level decrease. In spite of this, it does not increase the OR on osteoporosis/osteopenia, the OR in CTx is even lower in the presented study.
Administration of CT significantly increases the OR to have increased values of CTx and LH compared with groups of patients who did not receive CT, while the impact on the TST levels and development of osteopenia/ osteoporosis was not noticed (Table 5) .
When comparing the therapeutic effect on the monitored parameters (TST, LH, CTx, and BMD) in each group of patients separately, it was identified that, compared with OE alone, only CT increases the OR of pathological CTx, RT does not increase it. Both therapeutic modalities (CT and RT) increase the OR of pathological levels of LH, but the effect on decreasing TST has been reported just in the case of RT. Neither RT nor CT has been identified to influence the development of osteopenia/osteoporosis compared with OE alone (Table 5) .
Decreased values of TST were observed in 99 of 676 (14.74%) patients with normal BMD and in 116 of 573 (20.24%) patients with osteopenia/osteoporosis. The difference was statistically significant (p < .01; Table 6 ). Increased levels of LH were observed in 75 of 676 (11.09%) patients with normal BMD and in 145 of 573 (25.30%) patients with osteopenia/osteoporosis. The difference was statistically significant (p < .01; Table 7 ). The dependence of BMD on TST and LH values was confirmed.
Discussion
Cancer therapies, including hormone therapy, CT, RT, and surgical castration (OE), can directly or indirectly damage bone, resulting in the loss of bone mass (i.e., osteopenia and/or osteoporosis (Nieschlag et al., 2005) . There are several etiologic factors of bone metabolism disorders, including low serum sex hormone levels. Male hypogonadism is an important and treatable cause of osteopenia and/or osteoporosis (van Londen et al., 2008) .
TC patients are at risk of Leydig cell insufficiency. Different treatment modalities, such as OE alone, OE + CT, and OE + RT may also affect the Leydig cell function (Michaud & Goodin, 2006) . A Leydig cell impairment with subnormal/normal serum TST values, and/or increased LH was reported in patients who underwent CT (Dupree & Dobs, 2004) . Sprauten et al. (2014) reported TST levels below the reference range in 10%, 19%, and 17% of TC survivors after OE alone, OE + RT, and OE + CT, respectively. LH levels were reported above reference levels in 30%, 35%, and 41% of the OE alone, OE + RT, and OE + CT groups, respectively. The current study confirmed increased levels of LH in patients after CT administration. Hypogonadism may lead to reduced sexual functioning and well-being, fertility problems, muscle weakness, loss of energy, and depression. Furthermore, hypogonadism also increases the risk of osteoporosis and is associated with metabolic syndrome. After RT, TC survivors had more often unfavorable hormonal levels compared with OE alone. Sprauten et al. (2014) postulated that postorchiectomy RT reduces the functional reserve capacity of spermatogenesis and TST production in the remaining testicle. The current study confirmed decreased levels of TST after RT administration. Increased LH levels may indicate limited Leydig cell capacity, demonstrated by subsequently declining TST levels.
TC survivors often demonstrated low to normal serum TST levels and elevated LH levels, with the rate of biochemical hypogonadism of 15% to 40% reported during at least 5-year follow-up (Finkelstein, 1998; Huddart et al., 2005) .
The risk of testosterone deficiency increases with escalating treatment intensity. Huddart et al. (2005) reported a significant proportion with TST deficiency at a median follow-up of 60 months after OE alone (17%), OE + CT (23%), OE + RT (26%), and combination of CT + RT (56%).
The highest risk of hypogonadism was observed in the OE + CT group, and the risk seems to accelerate for all hormones over time. Hypogonadism is present in 11% to 35% of TC survivors, depending on cutoff levels of TST used, age, cumulative cisplatin dose, and follow-up duration. Therefore, determination of testosterone levels is recommended during follow-up (Oldenburg et al., 2013) . The declining levels of TST seen in ageing men are associated with decreases in BMD and lean body mass, which contributes to frailty and with increased risk of falls and fractures as well as higher mortality rates (Rodriguez-Tolrà, Torremadé, Di Gregorio, Del Rio, & Franco, 2013) . The decrease in TST levels negatively affects sexual function and mood and causes decreased BMD. The current study confirmed decreased levels of TST and increased levels of LH in patients with osteopenia/osteoporosis. Decreases in QoL have been attributed to the sequelae of hypogonadism, including fatigue, loss of libido, impaired fertility, weight gain, depression, and osteoporosis (O'Carrigan et al., 2014) . Willemse et al. (2010) proposed that all patients with TC should be radiologically screened for the presence of vertebral fracture and that all efforts should be made to optimize bone quality by at least ensuring adequate vitamin D and gonadal status. They (Willemse, Hamdy, de Kam, Burggraaf, & Osanto, 2014) suggest a hitherto unsuspected decline in BMD in metastatic TC survivors a year after CT, with no recovery up to 5 years after anticancer treatment. Transient partial hypogonadism may also contribute to the decline in BMD observed after curative CT. Murugaesu, Powles, Bestwick, Oliver, and Shamash (2009) reported no association between treatment for TC Note. TST = total testosterone; LH = luteinizing hormone; CTx = β-carboxyl-terminal cross-linking telopeptide of type I collagen; BMD = bone mineral density; OE = orchiectomy. Note. TST = total testosterone; LH = luteinizing hormone; CTx = β-carboxyl-terminal cross-linking telopeptide of type I collagen; BMD = bone mineral density; OE = orchiectomy; CI = confidence interval; OR = odds ratio, ns = non significant and the development of osteoporosis. The current study also confirmed no association between therapeutic modalities and the development of osteopenia/osteoporosis. Screening the whole population of TC survivors for osteoporosis in the long term is not necessary; however, targeting specific patients with risk factors may be warranted. The effect of different therapeutic approaches in TC on testicular function is well described in the literature (Petersen, Hansen, Giwercman, Rørth, & Skakkebaek, 1994) . Damage of gonadal function and subnormal levels of TST were described not only in patients following CT or RT but also in subjects who are long-term survivors following OE alone. No significant differences were reported in hormonal levels of TST and LH between the CT and surveillance (OE alone) groups (Fosså, Lehne, Heimdal, & Theodorsen, 1995) . Lackner, Märk, Schatzl, Marberger, and Kratzik (2007) detected hypogonadism and androgen deficiency symptoms in 26.5% of patients after TC treatment, irrespective of the treatment strategy. Several authors describe that BMD improves under TST replacement in hypogonadal men of all ages (Tuck & Francis, 2008; Wang et al., 2008) .
Based on the analysis of laboratory tests of patients with TC, it has been identified that decreased TST levels may appear also in patients after unilateral OE. This is why, the proposed hormonal profile examination should be performed before hormonal treatment initiation as an indispensable part of the examination algorithm, indicated not only in cases with bilateral TC occurrence but also in patients with unilateral TC. An examination of hormonal status along with the comprehensive osteological examination should be implemented into the standard examination of followed-up patients, since TST replacement therapy may block the early development of osteopenia and osteoporosis in long-term TC survivors.
Conclusions
It is necessary to recommend examination of TST and subsequent androgen replacement therapy (if needed) to reduce long-term complications including osteopenia/ osteoporosis. Furthermore, comprehensive osteological examination and management of impaired BMD is recommended as an important aspect of TC survivors follow-up.
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